Marolo is a typical fruit of Brazilian Cerrado Biome or Savannah Brazilian, consumed for many years by the regional population, and little known in other regions. This research aimed to study physical and chemical characteristics of jam and evaluate the presence and behavior of antioxidants to over 12 months of storage. Values were determined for humidity, ash, protein, lipids, carbohydrates, calories, sugar, fiber, pectin, pH, total acidity, organic acid form, antioxidant potential (dpph), total phenolic compounds, color and consistency. Results of sugars, fiber and pectin showed that the consistency of Marolo fruit was suitable for the production of jam and it was within the norms established by the Brazilian legislation. The pH (3.31 -3.2), total phenolic compounds (394.41 -250.5 mgEAG.100 g −1 ), total antioxidant potential (38.0% -33.7%), the color parameters (L * b * 14. 45 -6.63 32.19 -28.52) and organic acids decreased. However, for a total acidity of variables (1.27% to 1.53%) and citric acid (1.86 to 4.38 μg•g −1 ) being detected increment in values.
at Brazil may boost the agribusiness sector, increasing the demand for regional products in large urban centers, considering the population expectance and the market as well [2] .
To expand the market of national and international fresh fruits, Brazil needs to urge the consumption of fruits and it by-products, raising the interest of consumers for developed products in the way of juice, pulp, candies, jams, and other types. However, a factor of concern to consumers is the benefit which products may provide health, making these interesting fruits due the significant contribution of bioactive compounds, such as antioxidants. Antioxidants are chemical substances which react with free radicals and thus limit the adverse effects thereof on the body. The body has the ability to produce certain endogenous antioxidants, though most come from food intake [3] . Natural antioxidants have been largely used in some industries and medicine. Frequently, therapeutics benefits of fruits, vegetables and herbs are associated with antioxidant capacity.
Prophylactic use of wines and teas is associated to substances such as phytoantioxidants which are recommended by nutritionists for the cancer prevention, cardiovascular disease and other serious chronic diseases. Among the numerous examples of total phenolic compounds abundant in plants and with antioxidant properties, it may be cited flavonoids, tannins, catechol, caffeic acid, chlorogenic acid, and ascorbic acid [4] . Therefore, this research aimed to use the marolo fruit as raw material on jam production, adding value to this typical fruit of the Brazilian cerrado biome, being evaluated the nutritional characteristics, technological, antioxidants compounds, and the product coloration during 12 months of storage.
Material and Methods
Fruits from state of Minas Gerais, Brazil, were used, harvest 2011/2012, from March to April were selected through their appearance such as absence of injuries and decay. After then, they were taken to the Postharvest Laboratory of Fruits and Vegetables of the Federal University of Lavras, Brazil, where they were selected, Aiming uniformity with respect to degree of ripeness and texture.
Then, they were washed in water to remove surface contaminations and sanitized by using a solution of sodium hypochlorite 300 μL•L −1 for 20 minutes. After the sanitization process, the fruits were peeled and it pulp bottled and frozen for further processing to obtain the jam.
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Jams such as "extra", incremented with 50% of fruits and 50% sugar [5] , were developed using the method according to the manual of jam fabrication by Lopes [6] . Were used 6.0 kg of fruit pulp, 30.0 g of commercial pectin with high content of methoxylation, 60 g of citric acid (amount necessary to reach the pH 3.2 of the pulp) and 6.2 kg sugar to batch fabrication.
To pack the jam at 85˚C, it was used glass bottles of 150 g previously sterilized. The glass bottles were disposed in an exhaust tunnel (Incasl Máquinas, Brazil) to form an empty space inside. Lids also went through the same sterilization process, during 5 minutes, cooled and packed in cardboard boxes, then stored protected from light for a year at room temperature (≈25˚C). After the jam production, were performed in triplicate the following analyzes: proximal composition, antioxidants compounds (dpph), total phenolic compounds, pH, total titratable acidity, organic acids and color (L*, a*, b*).
These same analyses were repeated every two months during a year of storage.
Humidity, ashes, proteins, lipids, pH, total titratable acidity, soluble solids, reducing sugars and sucrose analyses were performed according to AOAC [7] ; total carbohydrates were determined by sulfuric phenol method described by Dubois et al. [8] and results expressed as percentage. Calculation of it total caloric value, was performed using Atwater conversion and results were expressed in Kcal; for total and soluble pectin content determination, was used colorimetric method by [9] ; consistence was determined with the aid of texturometer TATX2 (Texture Technologies Cor, EE. UU.) and results were expressed in Newton; organic acids were extracted according to Bazimarakenga et al. [10] , with modifi- Microbiological analyzes for fungi and yeasts, Salmonella sp, thermotolerant and total coliforms were performed according to the methodology proposed by ICMSF [13] .
The statistical processing of data was performed using the software SISVAR [14] .
After the analysis of variance, polynomial regression models were selected based on the significance of proof F of each studied model and determined by its coefficient.
Results and Discussion
Chemical and Physical Composition
Results for chemical and physical composition of marolo jam after fabrication (zero time), are represented in Table 1 . have been enabled probably due lipid oxidation process during process, which occurs when there is the action of temperature on lipids, converting them in acids, ketone, aldehydes, among others, mainly when there is sugar addition in jam fabrication [15] .
Levels of reducing sugars were superior to sucrose level. This may be explained by cooking process for jam obtainment, where sucrose in an acid solution undergoes an inversion process, turning into glucose and fructose (invert sugar). Inversion process of sucrose is required to avoid crystallization which may be produced in certain stages of process [6] .
Soluble solids of marolo jam, whose main component is represented by total soluble sugars and also organic acids, are in accordance with Brazilian legislation [5] , which stipulates a minimum of 65˚Bx.
There was a reduction of 86.32% on fiber content comparing with fresh fruit (4.46%) [16] , this reduction may be due jam processing, Once to obtain the juice, filtering processes have been performed (pulping) which may have led to the loss of good amount of fiber present [16] .
The smallest amount of soluble pectin found in comparison with the insoluble pectin may be associated with a greater degree of methylation (CH3), using in marolojam. Consistency (texture) of jam was 0.45 N and is linked to concentration of pectin and sugar/acid content present in the sample.
Behavior of pH, total acidity and organic acids observed during one year of storage, is shown in Figure 1 .
Analyses of pH, total acidity, and organics acids, were influenced over time (p ≤ 0.01). Was detected a slight decrement of pH, while the acidity increased, probably due accumulation of acetic acid during the storage. Reduction of acetic acid content between 0 and 4 th month storage, may be due a probable action of antimicrobial compounds which exist in species of Annonaceae family [17] .
However, this antimicrobial compounds may have been depleted during storage time, which could conduct to acetic acid production by fungi which ferment sugar, making the residual alcohol, in the presence of oxygen and added to the gel and thus converted into acetic acid [18] . Marolo is not a fruit rich in vitamin
, this nutrient has been significantly reduced around 97%, during processing, probably due an accelerated oxidation caused by high temperatures in gelation.
Ascorbic acid was detected only until the second month of storage, which become imperceptible at the end of experiment. Loss of vitamin C is initially produced by chemical degradation which involves the ascorbic acid oxidation on dehydroascorbic acid, and it is known that the heating increases the speed of the oxidation process [19] . Another possible explanation is the degradation of ascorbic acid due low humidity and also by the consumption in Maillard reaction ) in marolo jams, storage at room temperature (25˚C) protected from light, during twelve months. Goiânia, Goiás. OALib Journal [16] . Detected reduction of malic, tartaric and citric acids in jams may be associated to evaporation during process and also by consumption by fungi and yeasts presents in the product. Fungi action present in sample may decarboxylate malate to pyruvate, which is then carboxylated for acetaldehyde, finally being reduced to ethanol. Increase in citric acid content relative to fresh fruit may be due incorporation of ingredients in jam formulation.
Fungi and yeasts are most common microorganisms which are found in products with high sugar concentration and low pH. However, results obtained on this experiment, were within the limits set by the National Agency for Sanitary Surveillance-ANVISA [21] , which provides for fruit jam maximum of 104 UFC•g −1 for fungi and yeasts.
At time zero, was not detected presence of these microorganisms. There was not observed presence of Salmonella sp, as well coliforms at 35˚C and 45˚C. Results showed that technological procedures adopted were well prepared as well the manipulation and proper sanitization of fruits, especially the equipment used.
Total Antioxidant Potential
Marolo jam contains nutrients such as proteins, carbohydrates, lipids, sugars which provide good calories, contain antioxidants, beneficial substances for health. These total phenolic compounds were influenced over time (p > 0.01) and results are shown in Figure 2 .
Was observed an increase of total antioxidant potential and of antioxidants substances presents in extract with ethanol and aqueous extract until eighth month storage and right then occur a reduction until twelfth month. Was noticed that for oxidants found in ether extract, showed no increase, while those found in extracts with ethanol and total, decrease comparing to the initial value and only those substances founding in aqueous extract, obtained increment during one year storage. Presence of different antioxidant compounds in plants tissues such fruits and vegetables, makes it relatively difficult to measure the antioxidant activity of each component separately. Several solvents certified maximum solubility of antioxidants in the sample. Use of three solvents in different proprieties, ethyl ether (2.9), ethanol (5.2) and distilled water (9) , allowed the solubility of polar compounds (aqueous extract), intermediate polarity (ethanol extract) and polar (ether extract).
Typical compounds which has antioxidant activity includes the class of phenols, phenolic acids and it derivatives, flavonoids, tocopherols, phospholipids, ascorbic acid, pigments and steroids [22] . Zafrilla & Tons-Barber [23] , studied the effects of antioxidants as the ellagic acid during storage of raspberry jam (Rubusidaeus) and was confirmed that during 6 months of storage occurred an increase of antioxidant activity, similar behavior to what occurred with marolo jams, detected in ethanol and aqueous extracts, probably due the presence and action of ellagic acid.
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Increase of antioxidant capacity also may originate from Maillard reaction products, such as amino-reducing agent, which also has an antioxidant effect.
However, reduction after 12 months storage, may be possibly explained by degradation of anthocyanins as a function of temperature above 20˚C (storage was done at 25˚C), also observed by Wicklund et al. [24] , when evaluated the antioxidant activity and coloration of strawberry jams during storage.
About phenolic compounds, were found in ethanol and aqueous extracts, reducing it content with the storage period. This decrease is explained by instability of compounds at temperature of 23˚C and then of 40˚C (temperature conditions wherein marolo jams were), according to studies performed by [25] , when evaluated the effect of storage temperature on the stability of phenolic compounds in fruit.
Kim and Padilla-Zakou [26] , studied the processing effect on phenolic com- Color parameters (value L* and b*) also were influenced by time factor (p > 0.01), being detected a reduction for these coordinates. However, for coordinate a* was not observed modification during 12 months storage. Reduction of L* value indicated a darkening of product, probably due appearance of Maillard reaction and/or hydroxymethylfurfural formation (HMF), with oxidation of vitamin C. This dark substance was detected during fruit jam storage at 25˚C, studied by Rada-Mendoza et al. [28] . In products with high concentration of reducing sugars, these join to free amino acids or those forming part of protein chains, forming dark compounds. At a pH lower than 5, arises an intermediate product which undergoes dehydration, originating HMF. This happens during heating, so, in jam production, as well as during prolonged storage period. In addition the sugars, carbonic fraction may be caused by oxidation of lipids, also
